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Abstract 
The effect of milling and subsequent air classification of three cultivars of peas (Pisum sati­
vum L.) on the distribution of trypsin inhibitors, lectins and tannins was studied. Two differ­
ent milling procedures and two different classifier settings were investigated. Cut points were 
calculated from particle size distribution curves of the coarse and fine fractions. Noticeably, 
proteinaceous antinutritional factors segregate into the fine fractions, the actual resulting lev­
els being dependent on both the type of milling and the settings of the classifier. 
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Introduction 
Peas (Pisum sativum L.) contain several antinutritional factors (ANF). For example 
they contain protein-type factors (trypsin inhibitors and lectins) and polyphenols 
(tannins). These factors may interfere with digestion when ingested by e.g. 
monogastric animals, depending on pea cultivar and f.i. feeding level. Some of these 
ANF can be inactivated by adequate heat treatments employed in processing proce­
dures for several feedstuffs used in livestock feeding. Processing, based on the sepa­
ration into fractions with high and low levels of ANF may be an alternative for the 
removal of at least some of the activity of ANF. 
Dry milling of grain legumes and subsequent separation may be used to produce 
fractions with a different potential for use in feed and food manufacturing. Based 
on the different sizes and density differential between discrete protein bodies and 
starch granulas, air classification can be used to fractionate the legume flours into 
their main constituents (Vose et al., 1976). 
Yield and composition of air-classified pea fractions have been studied by 
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Reichert (1982) and the distribution of antinutritional factors after air classification 
of peas with regard to proteinaceous and other ANF have been studied by Elkowicz 
& Sosulski (1982). However, different cultivars of pea may contain different levels 
of ANF. In addition, the fractionation of peas may be affected by the chosen classi­
fier settings, like f.i. the used cut point. Therefore, the effect of varying the cut 
point on the separation of protein and antinutritional factors from two types of pea 
flour was examined. 
Materials and methods 
Whole pea flours were prepared from a smooth pea cultivar (Finale) and from two 
cultivars of wrinkled pea (cv. C306 and an unspecified high trypsin inhibitor con­
taining cultivar, referred to as Cap. HTI. Milling was carried out using a Pallman 
mill (at 5000 rpm) or an Alpine 160 Z pinn mill (at 11 000 rpm). Air classification 
was carried out on a Alpine A 100 MZR classifier. 
The different cut points (10 pm and 20 ^m) were adjusted by varying the values 
of air flow rate and classifier speed. The values chosen were derived from prelimi­
nary studies with limestone. 
The actual cut points were confirmed by particle size measurements with a Mal­
vern 3300 P Particle Sizer using the definition of Wright et al. (1984). In this defini­
tion, cut point is defined as the particle size at which the yield (by weight) of under-
size particles in the coarse fraction is equalled by the yield of oversize particles in 
the fine fraction. 
Peas were subjected to treatment by the mill and the classifier, resulting in a 
protein-rich fraction (PI) and a starch-rich fraction (SI). The starch-rich fraction 
was remilled and air classification of this flour resulted in a protein-rich fraction 
(PII) and final starch-rich fraction (SII). The weight of the fractions was recorded 
and the level of antinutritional factors was analysed in flours and the fractions PI, 
PII en SII. 
Trypsin inhibitor levels (as TIA) and the level of lectins (haemagglutinating activi­
ty, HA) were determined according to methods reported previously (van der Poel 
& Huisman, 1988). Tannins were analysed with the method of Folin-Denis (Swain 
& Hillis, 1981). $ 
Results and discussion 
In Fig. 1 the distribution of particles is shown after one and two passes through the 
Pallmann mill. Approximately 70 % of the particles have diameters less than 35 /xm. 
Remilling showed only little effect on particle size distribution of Finale. Wright et 
al. (1984), however, showed that the efficiency depends on the type of milling. In 
Fig. 2, an example of particle size analysis is given for the PI, PII and SII fractions 
of C306. This figure illustrates the typical particle size distribution for the fine and 
coarse fractions and thus clearly indicates the effect of air classification on the sepa­
ration of particles. A lower cut point (results not illustrated) will result in finer parti­
cles in the fine fractions. 
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Fig. 1. Particle size distribution (% undersize particles) of pea flour (cv. Finale) after one (•) and two 
( + ) passes through the mill. 
Table 1. Yield (Yld, %), dry matter content (DM, %) and protein content (CP, % DM) of flour and 
fine and coarse fractions after air classification with different cut points of pea flours of different culti-
vars milled with a Pallmann or pin mill. 
Flour Air-classified fractions Ree1 
PI PII Sil 
DM CP Yld DM CP Yld DM CP Yld DM CP 
(%) (%) (%) m (%) (%) (%) (%) (%) (%) (%) 
Pin mill 
Finale (10 /im) 86.7 25.6 6.0 90.4 65.0 2.8 90.8 61.6 91.2 87.5 21.6 22 
Finale (20 /im) 86.7 25.6 12.9 89.8 62.4 6.3 90.3 57.1 80.8 87.3 17.9 45 
C306 (20 um) 86.5 24.3 15.7 90.0 55.9 5.2 90.4 53.4 79.1 87.3 17.0 44 
Pallmann mill 
C306 (20 /im) 88.6 23.8 19.8 91.6 55.4 7.2 91.7 52.1 73.0 89.9 15.8 58 
Cap.HTI (20 /tm) 88.2 25.3 19.4 90.5 55.7 7.3 90.7 53.4 73.3 88.8 14.8 62 
1 Ree = protein recovery = (total protein in fractions PI + PII)/(total protein in flour) 
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Fig. 2. Particle size distribution (°?o undersize particles) of fine and coarse fractions obtained by air clas­
sification of pea flour (C306; cut point 20 ^m; • PI, + Pil, O Sil). 
Actual cut points, determined by particle size measurements of three batches of 
peas, were 12.3 /*m ± 1.5 and 18.0 ± 1.7, whereas the theoretical cut points were 
10 fim and 20 ^m, respectively. 
In Table 1, data on the yield of the various fractions after air classification are 
shown. Lower yields of the fine fractions are obtained at lower cut points. The 
recovery of protein is defined as the total amount of protein in PI + PII divided 
by the total amount of protein in the flour. After milling with the pin mill and air 
classification with cut points of 10 jitm and 20 /im, the protein recovery of Finale 
is 22 % and 45 %, respectively. This shows the marked effect of classifying condi­
tions on the concentration of protein in the fine fractions. For C306, yields of the 
fine fractions (20 /im cut point) are higher when the Pallmann mill is used for mill­
ing. Moreover, total protein recovery is increased to 58 % as compared to 44 % 
when the pin mill is used. Yields and protein content of Cap.HTI are comparable 
to those of C306. 
Levels of trypsin inhibitor activity (TIA), lectins (measured as haemagglutinating 
activity, HA) and tannins were determined in samples of flours and air-classified 
fractions (Table 2). Following air classification, a clear distribution of the protein-
aceous (TI and lectins) ANF between fine and coarse fractions in all pea cultivars 
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Table 2. Distribution of trypsin inhibitors', lectins2 and tannins (%) in pea flours and fractions after air 
classification. 
Trypsin inhibitor 
Flour Fractions 
PI PII Sil 
Lectin 
Flour Fractions 
PI PII Sil 
Tannin 
Flour Fractions 
PI PII Sil 
Pin Mill 
Finale (10 /im) 
Finale (20 /im) 
C306 (20 /im) 
Pallmann mill 
C306 (20 um) 
Cap.HTI (20/im) 
1.07 
1.07 
2.89 
2.53 
5.55 
3.54 2.84 0.90 
3.43 3.70 1.39 
6.05 5.73 3.80 
15.19 6.16 1.78 
22.70 8.05 2.75 
10 
10 
16 
16 
16 
50 40 16 
40 40 16 
40 40 10 
50 50 10 
32 32 10 
0.41 0.67 0.70 0.33 
0.41 0.70 0.70 0.30 
0.76 0.74 0.71 0.66 
0.69 
0.65 
0.76 0.77 0.63 
0.69 0.72 0.60 
1 Weight fraction inhibited trypsin (mg g ~ < ) .  
2 Haemagglutination activity (g '). 
is obtained. For TI's and lectins a relative enrichment in the fine fractions is found. 
This is consistent with the proteinaceous nature of these ANF and has also been 
demonstrated for other legumes (Elkowicz & Sosulski, 1982). However, ANF are 
still present in the coarse fraction after air classification. The levels in these fractions 
are close to the levels of the original flour when the pin mill is used. This does not 
agree with the results of Elkowicz & Sosulski (1982). The total recovery of f.i. TIA 
in PI + PII + Sil in some cases exceed 100 %. This may be attributed to the sensi­
tivity of the TIA assay for the relative low levels found in peas. When the Pallmann 
mill is used thé levels of TI in the coarse fraction derived from C306 are substantially 
lower. Tannins, non-protein components, were found to separate in both the fine 
and coarse fraction. The absolute level of tannins in the initial pea flours, however, 
is relatively low. Their contribution to observed negative effects when feeding peas 
to animals has still to be investigated. 
The results of the present studies confirm the findings of previous research (see 
Sosulski et al., 1987) that air classification is suitable to obtain pea protein concen­
trates. The protein content of the fine air classified fraction is negatively related to 
the yield of this fraction (Wright et al., 1984). Moreover, the protein-type antinutri-
tional factors are concentrated in the fine fractions at levels of three- up to fourfold 
as compared to the original flour. The pea protein concentrate (PI + PII fraction) 
thus contains a high level of protein as well as high levels of ANF. Also, in the 
coarse fraction, ANF activity is still present. Utilization of these concentrates for 
livestock feeding, therefore, depends on the relative contribution of trypsin inhibi­
tors, lectins and perhaps tannins to the overall effects observed with animals on such 
diets. These effects may vary with the differences of the gastro-intestinal tract from 
several animal species. Huisman & van der Poel (1989) have found that piglets ex­
perienced negative effects from peas in contrary to chickens and rats. 
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